Abstract: Most maintenance studies deal with the problem of maintenance-costs optimization, given the cost of the available maintenance actions and a cost objective function. The focus in this paper is on yet another relevant aspect namely the improvement in performance that results from a maintenance action in terms of performance criteria of interest. The evaluation of performance improvement requires comparisons of random quantities which is done by means of suitable probabilistic ordering notions. Different modelling situations are considered, and for each of them conditions are obtained on the life distributions of the present item, and the new one if of different type, that ensure performance improvement. Apart from providing a decision tool for maintenance application, the paper also contributes to clarifying relationships between (probabilistic) ordering notions and aging properties within the maintenance context.
Introduction
Most mathematical maintenance studies in the literature deal with optimal maintenance timing on the basis of costs of available maintenance actions and with regard to an overall cost objective function. In this paper, maintenance actions are evaluated with respect to yet another relevant aspect namely the resulting improvement in terms of performance criteria such as failure-free operation time. The focus is on a comparison of the replacing item with the replaced one and in that regard the work here differs from long-term maintenance policies comparisons as in Barlow and Proschan (1965) and more recently in Block and Savits (1994) which are based on an underlying renewal-process stipulation. While such a repetitive recurrence over time may have been relevant in the past it is much less so in our era of rapid technological changes.
The underlying failure modelling here is age-(or usage-) based (as is the case with most maintenance and reliability studies which thereby avoid the extent of assumptions and data needed in a causal failure model) and correspondingly, the focal probability tool is that of the life-distribution.
Since the future evolution of the failure process is random under any maintenance action, or without it, the comparison must be by probabilistic tools, 1432-2994/97/45:3/377-385 $2.50 9 1997 Physica-Verlag, Heidelberg M. Berg i.e. by means of (probabilistic) ordering notions. There is a host of such ordering notions and the choice of an appropriate one, for a given situation, is yet another issue to be addressed.
The Mathematical Setting
Performance improvement must be, by definition, with respect to a given performance criterion. The most natural and common one is the time to next failure, and accordingly we denote by V and W, the time-to-failure without and with a certain maintenance action, respectively. To demonstrate performance improvement we need to verify that
where ON is the (probabilistic) ordering-notion used for comparison.
In the maintenance and reliability context suitable ordering-notions are the following:
MO where E(.) is the expectation operator. This is universally the most common and basic comparison tool. It has an obvious drawback because of its limited focus, but in a multimachine environment its usefulness is fortified by the large-number probability laws. It also has the clear implementation advantage of being a complete ordering in the space of distributions. (ii) SO = stochastic ordering, defined as
W~-V SO if P(W > x) >_ P(V > x) , Vx
The relevance of SO to reliability is clear: it compares the probability of failure-free operation in any given time period. It is stronger than MO, i.e. it implies it, but it is not a complete ordering.
